. They could therefore provide a potential resistance mechanism against H. armi-
Trichome Description plants were also significant. Leaves of C. platycarpus possessed the
Trichomes on pods, leaves, and calyxes of three Cajanus fewest trichomes, while C. cajan and C. scarabaeoides had highly spp. were described from field-grown plant material from one pubescent leaves. The resistance of C. scarabaeoides pods to Helicogenotype of C. cajan (ICPL 87) and one accession each of verpa armigera (Hü bner) larvae reported in an earlier study is due C. scarabaeoides (ICPW 82) and C. platycarpus (ICPW 68) to the high density of nonglandular trichomes. This wild species may during the 1994 cropping season. In this and all subsequent thus be an important source for developing insect resistant pigeonpea.
observations, fully expanded leaves and full-grown, green pods were selected. The plant material was fixed and prepared for electron microscopy by the methodology described by Reddy P igeonpea is an important grain legume of the semiet al. (1995) . Electron micrographs of the samples were taken arid tropics and is attacked by more than 200 insect with a JEOL JSM 35 CF (Tokyo, Japan) scanning electron mispecies (Lateef and Reed, 1990) . The most devastating croscope. pest is the pod borer Helicoverpa armigera, which causes
The presence of trichomes on pods, leaves, and calyxes worldwide yield losses of more than $300 million annuwere determined by observing a minimum of 10 plants from ally (ICRISAT, 1992) . More than 14 000 pigeonpea each Cajanus spp. with a light microscope. The density of pod and leaf trichomes was determined with an ocular measuring germplasm accessions have been screened in an attempt grid. Trichome density was measured on 20 pods (three obserto identify sources of insect resistance, but only low vations per pod) and 15 leaves (three observations per leaf) levels have been detected (Lateef, 1992; Sachan, 1992 electron microscopy ( Fig. 1 and 2) . Type A has a long
The trichome density on C. scarabaeoides was measured tubular neck from which a clear viscous fluid is secreted. Fig. 1 and 2 ). Type B is a yellowish, unsegmented globuenvironments and compared with two pigeonpea genotypes lar sac. Its contents are only released after the cell wall (ICPL 87, ICPL 86012) grown under the same conditions. Trichome density for all pigeonpea genotypes and C. scarabaeoides accessions was observed on a minimum of 10 pods (three observations per pod) collected from 10 different plants with the ocular measuring grid described above.
Statistical Analysis
Analysis of variance (ANOVA) was used to compare the density and length of each trichome type among Cajanus spp., different pigeonpea genotypes, and C. scarabaeoides accessions with species, genotypes, and/or accessions as sources of variation (GENSTAT, 1995) . The density of each trichome type was compared between greenhouse and field-collected pods of pigeonpea and C. scarabaeoides by an approximate F-test (GENSTAT, 1995) . In these analyses, variation was partitioned among the following sources: environments (greenhouse, field), species (pigeonpea, C. scarabaeoides ), ac- compared by the least significant difference (LSD) at P ϭ 0.05. is ruptured. Unsegmented nonglandular trichomes were surface and on leaf veins of the lower surface of all three species. Type A trichomes were also present on separated into short (Type C) and long (Type D) trichomes. Type D is 4 to 11 times longer than Type C the interveinal area of the lower leaf surface of on all three species. In addition, electron micrographs C. platycarpus, but these trichomes, if present, could showed a small, multi-lobed, glandular trichome (Type not be seen on C. cajan and C. scarabaeoides because E), attached to the plant surface by a short stalk (Fig. of the dense covering of Type C trichomes. Type B 1 and 2). Type E trichomes are shorter (Ͻ50 m) than trichomes were found on both upper and lower surfaces all other trichome types. Trichomes on C. platycarpus of leaves of all three Cajanus spp. On leaves of C. cajan were longer than or equal to trichomes on C. scaraand C. scarabaeoides, Type D trichomes are present baeoides, and were significantly shorter on C. cajan than only on the primary veins and Type C is found in the on either of the wild species (Table 1) .
area between major veins (see electron micrographs in Trichome Types B, C, and D were found on pods and Romeis et al., 1996) . Both nonglandular trichomes are calyxes of all three species (Table 2) . Type A trichomes present on upper and lower leaf surfaces, including priwere found on all C. cajan and C. platycarpus pods mary veins of C. platycarpus. and calyxes observed. This trichome type was rarely
In contrast to the pods, leaves of C. cajan had signifiobserved on pods of three C. scarabaeoides accessions cantly higher densities of trichomes, particularly Types (see below), but was not found on calyxes of any acces-B and C, than leaves of the other two species (Table 3) . sion. The density of each trichome type differed signifi-
The Type A trichome is more common on C. platycarpus cantly among pods of the three Cajanus spp. (Table 2) .
than on the other two species. Except for Type A triPods of C. scarabaeoides were more pubescent than chomes on C. platycarpus, large differences were obpods from the other two species because of the higher served in trichome density between the upper and lower densities of Types B, C, and D trichomes. Pods of surfaces for the same Cajanus spp. (Table 3) . Leaves of C. cajan had more of the nonglandular Types C and D, C. scarabaeoides and C. cajan possess high densities of but similar densities of the glandular Types A and B Type C trichomes on the lower surface and it was not trichomes, compared with C. platycarpus pods (Table 2) .
possible to accurately determine their density. In general, trichomes on leaves were much shorter than similar types on pods and calyxes. Trichome distri-
Variation in Trichome Density
bution on leaves was more complex and differed beTrichome Types A through D were found on pods tween upper and lower surfaces (Table 3) , and on priof all pigeonpea genotypes observed (Table 4 ). The mary veins versus interveinal areas among the three species. Type A trichomes were found on the upper leaf density of Types A, C, and D trichomes varied signifi- higher density of nonglandular trichomes on pods of C. scarabaeoides relative to the other two species. cantly among genotypes. Similarly, significant variation Helicoverpa armigera, the key pest of pigeonpea, lays was found for all four trichome types on pods of ICPL more than 80% of its eggs on pods and calyxes, as 87 collected during different seasons in the field and in opposed to leaves (Romeis, 1997) . The distribution and the greenhouse (Table 5 ). When the two environments density of trichomes on these structures is therefore were compared, densities of Type A (P Ͻ 0.01), B (P Ͻ particularly important. Pods of C. scarabaeoides have 0.001), and C (P Ͻ 0.001) trichomes were significantly the highest density of both types of nonglandular trihigher on pods collected from greenhouse-grown plants chomes (Types C and D) among the three Cajanus spp. compared to pods collected from field-grown plants. In under both field and greenhouse conditions. Shanower contrast, the density of Type D trichomes was greater et al. (1997) reported low survival (22%) for neonate in field-grown plants than in greenhouse grown plants larvae on pods of C. scarabaeoides (ICPW 82) compared (P Ͻ 0.001).
to pods of the other two Cajanus spp. (pigeonpea ICPL Pods of C. scarabaeoides accessions grown during the 87, C. platycarpus ICPW 68), on which more than 72% 1997 cropping season were generally lacking Type A of the larvae survived. The high density of nonglandular trichomes (Table 6 ). However, single Type A trichomes trichomes contributed to the high larval mortality on were found on one or two field-collected pods from C. scarabaeoides as small larvae were unable to reach three of the 11 accessions observed. For all other trithe pod surface and starved or desiccated before feedchome types there was significant variation in density ing. Long trichomes and the abundance of Type A exuamong the different accessions. As observed earlier (Tadates on reproductive structures also affect H. armigera ble 2), C. scarabaeoides possessed significantly higher natural enemies. The parasitization efficiency of Trichodensities of trichome Types B, C, and D than pigeonpea gramma spp. (Hymenoptera: Trichogrammatidae) egg (Table 6 ). Comparing the two environments, field-colparasitoids is significantly lower on pigeonpea pods and lected pods of C. scarabaeoides possessed significantly calyxes than on leaves (Romeis et al., 1998 ). higher densities of Type A (P Ͻ 0.05), C (P Ͻ 0.001),
The function of the Type B trichomes is unknown. and D (P Ͻ 0.001) trichomes than pods collected in Bisen and Sheldrake (1981) suggested that this trichome the greenhouse.
is the source of the characteristic pigeonpea fragrance. The secretion in the Type B trichome is liberated only
DISCUSSION
when the cell wall is ruptured. This could be caused by a chewing insect like H. armigera larvae or by abiotic Cajanus spp. trichomes were the focus of this study factors such as high temperatures or low air humidity because of their impact on insect pests and their natural (Ascensã o et al., 1995) . enemies. Five types of trichomes were identified on pigeonpea and two wild Cajanus spp. The density of Bisen and Sheldrake (1981) considered Type E to be tion with similar passport data. Longitude and latitude data from the collection site are lacking for most of the 13 600 accessions in the Phaseolus collection maintained W hite mold, caused by Sclerotinia sclerotiorum at the Western Regional Plant Introduction Station at (Lib.) de Bary, is one of the most important disPullman, WA. Therefore, our expanded searches foeases of common bean worldwide. An integrated control cused on a range of accessions, numbered consecutively strategy involving cultural practices (crop rotation, resiand including the original core accession, which had a due management, irrigation timing), fungicide applicadonor, collector, region, or marketplace in common. We tions, and resistant cultivars is necessary to combat this investigated the use of this core collection approach for disease (Steadman, 1979) . A combination of disease identifying novel sources of physiological resistance to white mold in the Phaseolus collection at Pullman.
